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PLATES XXXI-XXXVIII. 
Experiments  have  shown  that  various  toxic  substances  admin- 
istered  to  animals  produce  degenerative  changes  in  the  liver  and, 
when this administration  is prolonged during  a considerable period, 
increase  of the  interstitial  tissue  follows.  Nevertheless the  results 
of such experiments  have been inconstant  and the lesion which has 
been obtained has rarely possessed the clinical and anatomical  char- 
acters of the cirrhosis  common in man.  In the attempt to produce 
cirrhosis alcohol has been repeatedly employed because it is believed 
to  be  the  common  cause  of  hepatic  disease;  phosphorus  has  been 
employed because it quickly produces advanced degenerative changes 
both in man and in animals. 
Nevertheless a  clear knowledge of the conditions upon which the 
occurrence  of  cirrhosis  depends  has  not  been  obtained.  Alcohol 
has  been  regarded  as  the  most  frequent  cause  of  the  disease,  yet, 
on the one hand,  it is well known that  a  history of excessive use of 
alcohol  is  obtained  in  little  more  than  5  °  per  cent.  of  instances  of 
cirrhosis;  that  the  disease  occurs  in  children  some  of  whom  have 
had no opportunity to use alcohol in any form.  On the other hand, 
cirrhosis  occurs  in  only  a  small  proportion  of  those  who  are 
addicted to the use of alcoholic drinks; it was present in only 5 or 6 
per  cent.  of the  alcoholics  examined  by  Baumgarten. 2  Degenera- 
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tire  changes  in  the  liver  indicated  by infiltration  with  fat  is  more 
common. 
Among the large  number  of those who have  tested the  effect of 
long-continued  administration  of alcohol  upon  animals  a  few have 
claimed that they have been able to produce increase of the intersti- 
tial tissue of the liver.  Straus  and  Bloeq  3 found the portal  spaces 
infiltrated with cells and in some instances noted an increase of con- 
nective  tissue  at  the  periphery  of  the  hepatic  lobule.  Mertens 4 
allowed  rabbits  to breathe  an  atmosphere  saturated  with  alcoholic 
vapor  during  periods  as  long  as  eleven  months  and  twenty-eight 
days.  In  one  group  of  animals  which  died  after  a  few  months 
there  were  degenerative  changes  in  the  parenchymatous  cells  and 
although  there  was  no  increase  of  connective  tissues,  ascites  was 
present;  in  a  second  group  of  animals  which  survived  a  longer 
period of administration,  new interstitial  tissue was found about the 
portal  spaces and  in  certain  instances  extended  from  portal  spaces 
to  sublobular  veins.  These  experiments  were made  upon  rabbits; 
the spontaneous occurrence of cellular infiltration  and of periportal 
cirrhosis  referable  to  coccidia or  other  parasites  is  not  infrequent 
but  does  not  explain  all  of  the  changes  which  have  been  found. 
Afanassijew  6  gave  mixtures  of  ethyl  and  amyl  alcohol  to  dogs, 
rabbits  and  guinea-pigs  but  failed  to  cause  cirrhosis;  v.  Kahlden 6 
used  various  animals,  administering  alcohol  during  periods  up  to 
243  days  with  like  result.  Friedenwald 7 found  increase  of  inter- 
stitial  tissue  in  some  animals  (rabbits),  but  in  others  which  had 
received from five to eight cubic centimeters of alcohol during  four 
years he observed no trace of cirrhosis.  Other negative experiments 
might  be  cited;  simple  administration  of  ethyl  alcohol  fails  to 
increase  the  interstitial  tissue  of  the  liver.  Moreover,  the  pro- 
duction of changes indicating alteration of the hepatic cells has been 
inconstant  and  often trivial. 
With  the  purpose  of establishing  a  definite  relation  between  in- 
tense degeneration of hepatic cells on the one hand, and new forma- 
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tion of fibrous tissue on the other, many attempts have been made 
to  produce  cirrhosis  by  continued  administration  of  phosphorus. 
Acute poisoning  with  phosphorus,  it  is  well  known,  is  associated 
with  intense  fatty degeneration of  the  liver  cells  associated  with 
some necrosis.  Several observers, Afrecht,  s Kr6nig,  9 Ackermann  1° 
and  Dinkier  11  have  produced  increase  of  interstitial  tissue  by 
repeated administration of small quantities of this poison.  Ziegler 
and Oblonski failed to produce changes resembling cirrhosis of man, 
but Aufrecht  12 by prolonged administration has produced a nodular 
liver  which,  he  claims,  exhibits  the  usual  characters  of  human 
cirrhosis.  New  formation of  fibrous  tissue  has  its  origin  at  the 
periphery of  the  lobule  in  contact with  the  portal  spaces. 
By  means  of  hemagglutinative  serum  prepared  by  immuniza- 
tion of rabbits with the red blood corpuscles of the dog, Pearce  18 has 
produced in the dog agglutination of corpuscles within the hepatic 
capillaries and consequent irregularly distributed necrosis of hepatic 
parenchyma.  The necrotic issue  is  rapidly absorbed  and  replaced 
by connective tissue.  Liver cells outside of the dead area undergo 
multiplication and  newly  formed structures  resembling bile  ducts 
penetrate the new interstitial tissue. 
The prevailing view that proliferation of connective tissue is the 
consequence of injury and destruction of the parenchymatous cells 
of an organ has caused a  few experimenters to administer chloro- 
form with the purpose of reproducing human cirrhosis.  The toxic 
effect  of  chloroform upon  the  liver  is  well  known.  The  early 
observers have been doubtful whether the resulting lesion is intense 
fatty  degeneration or  necrosis,  but  subsequent  study  has  shown 
that both  may be caused by chloroform.  The recent experiments 
of Howland and  Richards  14  and of Whipple  and  Sperry  15  in  this 
country have shown that anesthesia by chloroform continued from 
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one to three  hours  and  repeated  on two or three  successive days  is 
followed by hyaline necrosis of the columns of liver cells occupying 
perhaps  the  central  two-fifths of each  lobule;  the  liver  cells  in  im- 
mediate contact with the portal spaces alone remain  intact and occa- 
sionally the  entire  hepatic  substance  save  a  narrow  fringe  of  cells 
about  each  portal  space  is  destroyed.  Fatty  degeneration  accom- 
panies  necrosis  and  occurs  where  the  action  of  tile  poison  is  not 
sufficiently intense to produce cell death.  With  mild poisoning the 
center of each lobule exhibits  fatty degeneration  instead  of necrosis 
and in some instances central  fatty degeneration  and  necrosis occur 
in  the  same  liver. 
The  extensive  necrosis  of  the  liver  caused  by chloroform  offers 
an  opportunity  to  test  the  relation  of  cirrhosis  to  degenerative 
changes  in  the  hepatic  parenchyma;  to  determine  to  what  extent 
necrotic parenchymatous  cells  are  replaced  by fibrous tissue.  The 
experiments  of  Whipple  and  Sperry  are  particularly  instructive. 
Anesthesia  with  chloroform,  for  example,  during  three  hours  on 
one day or  during  two and  a  half  hours  on three  successive days, 
has  been  followed  by  hyaline  necrosis  of  the  central  three-fifths 
of each  hepatic  lobule;  the  extent  of necrosis  has  been  determined 
by removal  of  a  bit  of  liver  tissue  on  the  day  following  the  last 
anesthesia.  The  animal  recovers  completely  and  examinations 
made at the end of one, two and three weeks have shown that repair 
is  almost  complete  after  two  weeks,  whereas  at  the  end  of  three 
weeks  the  liver  has  returned  to  normal.  Mononuclear  phagocytic 
cells  invade  the  area  of  hyaline  necrosis  and  ingest  particles  of 
dead  hepatic  cells.  Mitotic  nuclear  figures  within  the  surviving 
hepatic  cells show that  regeneration  is  in progress  and  colunms  of 
liver  cells  elongate  to  replace  those  which  have  been  destroyed. 
There is no new formation of fibrous tissue and no cirrhosis  follows 
destruction  of more than  half  of the  entire  organ. 
Nevertheless,  the  literature  of  the  subject  contains  records  of 
experiments  in  which  cirrhosis  of  the  liver  has  been  produced  by 
chloroform.  Mertens  (1896)  has  produced cirrhosis  in  rabbits  by 
daily subcutaneous injection of small quantities  of chloroform  (o.I 
to o.2  cubic centimeters)  dissolved  in  liquid  paraffin,  continued  in 
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hard and in some instances has the nodular appearance  of atrophic 
cirrhosis.  The parenchymatous cells undergo various forms of de- 
generation and bands  of newly  formed fibrous  tissue  traverse  the 
organ.  According to Mertens the new bands of fibrous tissue have 
their origin about the portal spaces  at the  periphery of the lobules 
but  later unite neighboring portal  spaces  and  are  continuous with 
the  tissue  about  the  hepatic  veins.  Herter  and  Williams  16  have 
produced cirrhosis in dogs by similar means.  After inhalation of 
chloroform during a  period  from an  hour to an  hour and  a  half, 
on  twenty-four occasions  within  eight  weeks,  the  liver  contained 
abundant cellular connective tissue between and within the lobules; 
bile  ducts had undergone proliferation and  fatty and  hyaline liver 
cells were abundant.  Two other experiments had a  similar result. 
The  experiments  of  Whipple  and  Sperry,  who  found  complete 
restoration  to  normal  after  extensive  hyaline  necrosis,  have  sug- 
gested that recovery occurs because  regeneration of parenchyma is 
active and uninterrupted.  Numerous experiments have shown that 
chloroform administered by stomach has  the  same  effect as  when 
administered by inhalation.  A  dose  of  from o.5  to  I  cubic centi- 
meter  per  kilogram  of  body  weight  repeated  on  three  successive 
days usually produces  well-marlced necrosis  of  the  central part  of 
the  lobule.  After  an  interval  of  three  days,  necrotic  cells  are  in 
large part removed, the central part of the lobule is infiltrated with 
numerous ceils,  in part mononuclear phagocytes, and  healing is  in 
progress.  This  process  may be  interrupted by a  further adminis- 
tration of chloroform repeated, as before, on successive days.  Such 
continued  insults  to  the  organ,  repeatedly  producing  grave  de- 
generative  change,  are  followed  by  sclerosis,  by  regenerative 
change  indicated  by  proliferation  of  parenchymatous  cells  and 
by abundant new  formation of structures  resembling bile  ducts. 
The  following  experiment  illustrates  the  sclerosis  which  may 
occur within the short period of two  months. 
A  dog  (Chlor. i)  weighing 6,25o grin. has  been given I  c.c. per  kilo on 
three  successive days, followed by  a  rest of  three days, in  turn  followed by 
chloroform so that it has received in all 218 c.c. of chloroform.  It has become 
slightly jaundiced and  the  superficial abdominal veins have been considerably 
dilated.  At autopsy the veins of the portal system are dilated, the tissue about 
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the pancreas is  cedematous and  the peritoneal cavity contains a  small quantity 
(6  c.c.) of  fluid. The  liver is  small (weighing 185.5 grin. =  1/33 of  original 
body weight), yellow and resistant to the knife. 
Examination has shown that about one-third of the sectional area 
consists  of  very  cellular,  newly  formed  connective  tissue  (Plate 
XXXI, Fig.  I)  situated about the central veins and in contact with 
the sublobular vessels.  The liver cells are in columns which radiate 
from the portal  spaces;  they have  the  appearance  of  regenerating 
hepatic  parenchyma,  the  columns being  formed  by  regularly  dis- 
posed cells  in double row with the nuclei regularly arranged along 
either  margin  of  the  column.  Mitotic figures  occur  but  they are 
not  numerous.  Near  the  center  of  lobules  within the  new  fibril- 
lated  tissue  are  so-called  newly  formed  bile  ducts  composed  of 
cubical cells  forming well-defined tubules. 
Increase of fibrous tissue has been associated with portal obstruc- 
tion  and  serous  transudation.  The  newly  formed  fibrous  tissue 
occupies that part of the lobule which is the site of necrosis caused 
by chloroform.  Active regeneration of parenchyma and new  for- 
mation of bile ducts having no relation to those in the portal spaces 
has  occurred. 
A  second experiment is noteworthy because the same poison ad- 
ministered by a  somewhat different method has produced a  wholly 
different lesion. 
A  large animal (Chlor. iv)  weighing I0,I00 grin. has  received 2  c.c. of 
chloroform per kilo on three successive days; a rest of six days has been fol- 
lowe6 by chloroform repeated as  before;  the  animal has  died at  the  end  of 
sixty days after  it  has  received 424  c.c. of  chloroform.  The  liver is  fairly 
large (weighing  394 grin. ~  1/26 of original body weight) with superficial inden- 
tation corresponding to the lobulation, and has a bright canary-yellow  color. 
Thick bands of cellular fibrous tissue traverse the organ; they are 
usually in the center of the lobule but their position is often obscure. 
The  parenchyma is  the  site  of  intense  fatty degeneration,  almost 
every  cell  being  swollen  and  distended with  fat.  Newly  formed 
bile  ducts  are  rarely  found.  The  lesion  reproduces  with  fair 
accuracy the cirrhosis with fatty degeneration which is believed to 
occur as  the  result  of excessive  drinking of beer. 
In another experiment which may be cited, the animal has lived 
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A  dog  (Chlor. iii) weighing 9,I5o grams has  lived three  months and  has 
received approximately 32 doses of one cubic centimeter per kilo (=393.5  c.c. 
chloroform).  There  has  been jaundice and  dilation of  superficial abdominal 
veins.  Veins of the portal system are dilated and the peritoneal cavity contains 
serous  bile-stained  fluid (14.  5  cubic centimeters).  The  liver  (weighing 422 
grams  ----1/22 of original body weight)  is pale yellow. 
Whereas  fibrous  tissue  in  proportion  to  sectional  area  is  not  so 
abundant  as  in  preceding  experiments,  it  is  denser  and  poorer  in 
cells.  The relation of newly formed tissue to central veins is appar- 
ent  but  less  conspicuous  than  in  the  other  experiments,  for  the 
normal  lobulation  is  much  distorted.  In  some places  patches  and 
bands of fibrous tissue may be in contact with portal spaces.  Small 
islands  of  parenchyma  may  be  completely  surrounded  by  fibrous 
tissue,  and  in  many  places,  fine  bands  of  new  tissue  penetrate 
between columns of liver cells. 
The  lesion which  has been described begins  in the  center  of the 
lobule  and  surrounds  the  central  vein;  the  relationship  between 
new  formation  of  fibrous  tissue  and  necrosis  of  parenchyma  is 
obvious.  Nevertheless,  long  continued  recurring  injury  with  de- 
struction  and  regeneration  of  parenchyma  tends  to  distort  the 
normal  architecture  of  the  gland  so  that  lobulation  becomes  ob- 
scured.  Advanced cirrhosis has occurred with considerable rapidity 
and  degeneration  of parenchyma  has  been much  more  conspicuous 
than  regeneration.  The  regenerative  changes  which,  associated 
with  contraction  of  the  newly  formed  fibrous  tissue,  give  to  the 
liver of atrophic cirrhosis its nodular appearance have not been pro- 
duced,  and  the  liver  in  all  of  these  experiments  has  been  fairly 
smooth  with  at  most  fine  granulation  corresponding  to  the  dis- 
position of the lobules. 
It has long been known that  the liver bears a  peculiar relation  to 
bacterial  infection.  The  endothelial  cells  lining  the  capillaries  of 
the  liver  and  the  neighboring  stellate  cells  are  capable  of  active 
phagocytosis, and  as Wyssokowitch  a7  found more than  twenty-five 
years ago, take up bacteria injected into the circulating blood.  Ex- 
periments of Welch and  Blachstein  is  showed that  Bacillus  coil and 
typhoid bacillus injected into the vein of a  rabbit appear  in the bile 
~T Zeit. f.  Hyg.,  1886, i,  I. 
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and may persist  for weeks in the gall bladder.  Numerous experi- 
ments  have  subsequently  confirmed  these  observations.  Experi- 
ments of Buxton and Torrey  19 show that typhoid bacilli injected into 
the peritoneal  cavity quickly enter  the blood  and  are  deposited  in 
various organs.  At the end of an hour the number in the blood is 
small;  plating  on  agar  shows  that  the  number which accumulates 
in the liver is  far greater than that  in other organs. 
Central  necrosis  implicating  from  half  to  three-fifths  or  even 
more of each lobule and identical with that produced by chloroform 
is  not infrequently found  in  the liver of  individuals  dying with  a 
considerable  variety  of  conditions.  Mallory  found  the  lesion  95 
times among i,i9o autopsies, usually in association with acute bac- 
terial infection, such as acute endocarditis, lobar pneumonia, perito- 
nitis,  diphtheria,  etc.  In  approximately  one-half  of  the  cases  in 
which there was bacteriological examination, Streptococcus pyogenes 
was  isolated;  other micro6rganisms,  such as  Diplococcus  lanceola- 
tus,  Bacillus  diphtherice  and  Staphylococcus  aureus  have  been 
found.  Mallory has expressed the opinion that the lesion is  due to 
the presence of a circulating toxin, most frequently derived from the 
streptococcus. 
Several years ago,  I  noted a  remarkable lesion occurring in  the 
liver  of  a  child  who  had  died  with  general  peritonitis  following 
gonorrheal  infection.  2°  A  conspicuous  circle  of  hyaline  necrosis 
occurred  in  each  lobule  in  a  zone  separated  by  living  cells  both 
from  the  central  vein  and  from  the  portal  spaces.  Examining 
the livers from nearly i,ooo autopsies,  I  found 14 examples of this 
lesion  which  may  be  termed  mid-zonal  necrosis.  The  lesion  is 
accompanied by fatty degeneration of the hepatic cells in the center 
of the lobule  and occasionally of the  cells at  the periphery of the 
lobule  in  contact  with  the  portal  spaces  as  well.  The  lesion  has 
been associated with  acute suppurative  conditions  (general perito- 
nitis  in  6  instances,  operative  or  ulcerative  lesions  of  the  gastro- 
intestinal  tract  in  3,  general  pyemic infection  in  3,  etc.),  and  in 
I I  instances bacteriological examination has shown the presence of 
staphylococcus (in 6), Bacillus coil  (in 3 alone, in 2 combined with 
19Your. of Med. Research, 19o6, xv, 18. 
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streptococcus)  or  Bacillus  proteus  vuIgaris  (in  2).  The  infre- 
quency of the lesion and  the  frequency of severe bacterial  infection 
indicate  that  the  association  of  some  undetermined  factor,  perhaps 
some disturbance of metabolism, is essential  for its production. 
The  experimental  reproduction  of  this  peculiar  lesion  will  serve 
to  show  that  the  effect of  bacterial  infection  may  be  profoundly 
modified  by  the  presence  of  a  toxic  substance  which  has  entered 
the blood. 
A  large  dog  (Chlor.  xviii)  weighing  I5,2oo grin.  has  been  given  7.6  c.c. of 
chloroform (o.5 c.c. per kilo)  on four successive days; on the fifth day, 0.5 c.e. 
of a 24-hour bouillon culture  of Bacillus coli has been injected  into  the jugular 
vein.  On the eighth  day, chloroform has been  again  administered.  The an4mal 
has  been  killed  on the  following  day.  The  liver  is  large  and  deep red;  after 
blood has partially  escaped from the tissue, the centers  of the lobules are yellow. 
Lymphatics  upon  the  surface of the gall bladder are conspicuously dilated;  the 
bile contains  Bacillus coli in pure culture. 
The central part of each lobule, occupying one-half the space from 
central  vein  to  portal  space,  exhibits  fatty  degeneration,  the  cells 
being  filled  with  fine  vacuoles.  At  the  periphery  of  the  lobule 
liver cells  are  well  preserved  and  contain  only a  few  fat  droplets. 
In  a  conspicuous  but  narrow  intermediate  zone,  forming  a  circle 
within each lobule, liver cells have undergone hyaline necrosis, have 
lost their nuclei, and stain bright pink with eosin. 
It  is  noteworthy that  the  same  peculiar  mid-zonal  necrosis  may 
be  reproduced  experimentally  by  another  poison,  namely,  phos- 
phorus  in  combination  with  another bacterium,  Streptococcus  pyo- 
genes,  in  another  animal,  the  rabbit.  The  following  experiment 
illustrates very clearly the susceptibility of injured liver to bacterial 
infection. 
Four animals  (Rabbits  Phos.  2, 3, 5 and 6)  received 1/5o grain of phosphorus 
by mouth  daily; during several  days administration  was  suspended  so that each 
animal  received  during  2  4  days  14/5o grains.  Two  of  these  animals  were 
repeatedly  inoculated  in  the  ear  vein  with  Streptococcus pyogenes; these  ani- 
mals  died on the same day, 2  4 days  after the beginning  of the experiment  and 
the  two  animals  which  received  phosphorus  alone  were  killed. 
Save  for trivial  fatty degeneration the livers  of the two  animals 
(Rabbits  Phos.  2  and  3)  which  received  phosphorus  alone  exhibit 
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streptococcus exhibit advanced degenerative change, causing injury 
or destruction of the entire  hepatic parenchyma.  In  one  (Rabbit 
Phos. 6), in which the changes are more profound, there is  diffuse 
fatty  degeneration  accompanied  by  hyaline  necrosis,  and  hemor- 
rhage in the center of the lobules (Fig. 4)-  In the second infected 
animal  (Rabbit  Phos.  5),  the center of each lobule exhibits  fatty 
degeneration; about this central  fatty tissue  is  a  conspicuous ring 
of hyaline necrotic cells which separates the fatty cells  in the center 
from a  relatively normal peripheral zone in contact with the portal 
spaces  (Fig.  2).  This  lesion  which  is  produced  neither  by  the 
poison nor by the bacterium acting alone demonstrates the peculiar 
effect of bacterial .infection upon an injured liver. 
The effect of hepatic injury upon the progress of bacterial infec- 
tion has been little studied.  Adami  21  in America and Hanot  22 and 
others in France have maintained that cirrhosis of the liver may be 
referable  to  chronic  bacterial  infection.  The  experimental  pro- 
duction of cirrhosis by administration of toxic substances such as 
chloroform and phosphorus proves that introduction of bacteria is 
not essential.  Repeated inoculations with various bacteria usually 
fail  to  increase the  interstitial  tissue  of the liver;  some observers 
have  found  increase  of  the  interstitial  tissue  of  the  liver  after 
injection  of  various  micro6rganisms  (Scagliosi,  2a  Dantschatoff- 
Grigorevski,  24 Bjorksten25), but the change has usually been asso- 
ciated with suppurative cholangitis, and increase of interstitial tissue 
has occurred about the portal spaces.  Bacteria capable of causing 
cirrhosis  in  animals  have  been  isolated  by  Weaver  26  and  by 
HektoenY 
In a series of experiments, I  have attempted to modify the effect 
of chloroform by accompanying injection of certain bacteria.  By 
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this means I have succeeded in producing lesions of a character and 
intensity  not  obtained  by  simple  administration  of  chloroform. 
This statement is illustrated by the following experiment. 
A  dog  (Chlor.  xvii)  weighing  16,65o  grin.  has  received  on  four  successive 
days  8.3  c.c.  of  chloroform  (0.,5 c.c.  per  kilo);  on  the  fifth  day,  0.5  c.c.  of  a 
24-hour  bouillon culture of  Bacillus  coIi has  been  injected  into  the jugular  vein. 
The  animal  has  received subsequently  six  doses of chloroform  (o,5  c.c.  per kilo) 
and has died on the twenty-third  day of  the experiment, 24 hours  after a  second 
injection of Bacillus coil  (o.25 e.c.).  There has been well marked jaundice.  The 
liver  is  smooth;  pale  yellow  tissue  surrounds  hemorrhagic  spots  occupying  the 
centers  of  the  lobules.  Bacillus  coli has  not been  recovered  from  the  liver, bile, 
heart's  blood  or  kidne~y. 
Almost the entire hepatic parenchyma has undergone disintegra- 
tion and is represented by a  narrow  zone of intact cells encircling 
each portal space  (Fig.  6).  These cells exhibit moderate infiltra- 
tion with  fat.  In a  few places the supporting framework of  the 
lobule remains and endothelial cells persist, but elsewhere all hepatic 
architecture is lost and an almost structureless ground work is infil- 
trated  with  lymphoid  cells,  large  mononuclear  cells,  polynuclear 
leucocytes, red  blood  corpuscles  in  great  number and  remains  of 
liver cells.  In an intermediate zone between this central tissue and 
the thin fringe of intact liver ceils  about the portal spaces, there is 
conspicuous hyaline  necrosis  of  liver  cells  (Fig.  7)  which,  frag- 
mented and scattered, have lost their nuclei and stain brightly with 
eosin.  Proliferation  of  connective tissue  is  in  progress  and  cells 
having the characters of fibroblasts are abundant in contact with the 
living tissue  about  the portal  spaces.  The presence  of  numerous 
newly  formed  tubules  resembling  bile  ducts  affords  evidence  of 
proliferation of parenchymatous elements (Figs. 6  and 7).  These 
tubules,  at  times  obviously continuous with  surviving columns of 
cells, are pushing their way from the periphery to the center of the 
lobule.  Occasionally, groups of such tubules occur near what has 
been the center of the lobule; in such places there is  delicate con- 
nective tissue rich in cellular elements. 
The lesion in this experiment has  reproduced, with considerable 
accuracy, certain instances of acute yellow atrophy with beginning 
regeneration  of  parenchyma.  Part  of  the  tissue  is  necrotic  and 
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change.  Fibrous  tissue  has  begun  to  encroach  upon  the  zone  of 
necrosis and active proliferation  of bile  ducts is  in progress. 
In order  to test  the  effect of bacterial  infection upon production 
of cirrhosis by chloroform, two animals have been given equal quan- 
tities  of  chloroform;  and  one  has  received  bacteria  injected  into 
the  jugular  vein. 
A dog  (Chlor.  xxii)  weighing Io,55o grin. has received zo c.e. of chloroform 
(I c.c. per kilo)  on three  successive days; on the  fourth  day of the  experiment 
it has lost 85o grams  of body weight.  On the 8th, 9th, I3th and I5th days it has 
received Io c.c. of chloroform; on the 2Ist and 22d, 5 c.c.  The animal has  been 
killed  on  the  24th day.  The  liver  is  large  (weighing  513  grm.~ I/2i  of  the 
original  body weight)  and  pale yellow in  color.  There  is no evidence of portal 
obstruction.  Agar-agar  inoculated  from  the  liver, bile and  kidneys  remains 
sterile. 
A dog  (Chlor.  xxiii)  weighing Io,5oo grin.  has  received chloroform  in quan- 
tities  and  at  intervals  identical  with  those  recorded  for the  preceding  animal. 
On  the  fourth  day of the  experiment  it  has  lost 5oo grams  of body weight and 
has  received into the  jugular  vein o.5  c.c. of  a  24-hour  bouillon culture  of 
Bacillus  coll.  On  the  day  following inoculation  the  animal has  been very sick 
and  for a  time  has  appeared to  be  moribund.  After  the  eleventh  day  of  the 
experiment  there  has been jaundice.  Death  has  occurred  on the 24th day.  The 
veins of mesentery and omentum are moderately distended, the pancreas  is oede- 
matous  throughout  and  the  periton.eal cavity  contains 2I  c.c. of  serous fluid. 
Bacillus  coli has  been cultivated  from the  kidney but not  from the  liver or bile. 
The  liver  is  small (3o9 grm. =  1/34  of  original  body weight)  and  pale yellow 
with lobulation sharply marked by yellow zones surrounding  red  spots. 
In the  liver of the  animal  (Dog Chlor.  ×xii)  which has  received 
chloroform alone,  there  is  advanced,  diffusely distributed  fatty de- 
generation of the  hepatic  parenchyma  (Fig.  9).  Fibrous tissue  in 
immediate contact with some of the central veins is slightly thickened 
and here are collected a  few polynuclear leucocytes and small  round 
cells,  but changes affecting the interstitial  tissue  ave trivial. 
In the liver of the animal  (Dog Chlor. x×iii)  which has  received 
both  chloroform  and  Bacilhts  toll,  on  the  contrary,  masses  and 
strands  of  cellular  fibrous  tissue  subdivide  the  parenchyma  into 
islands  of  which  the  relation  to  the  original  lobules  is  not  always 
evident  (Fig.  8).  This  new  connective tissue  forms  at  least  half 
of  the  sectional  area.  About  portal  spaces  fibrous  tissue  is  not 
increased  and,  though  central  veins  are  often  unrecognizable,  con- 
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Iobule is  occupied by fibrous tissue containing a  group of tortuous 
and  enormously hypertrophied bile  ducts  obviously newly  formed 
(Fig.  i0).  A  circular zone of intact but  fatty parenchyma often 
surrounds this central area.  Small newly formed bile ducts radiate 
frorn this zone of parenchyma toward the central group  of  ducts. 
The  smaller ducts are  formed by low  flat or  cubical  cells,  but  the 
larger  more  central  ducts  are  formed by high  columnar cells  and 
have a  wide lumen often filled with polynuclear leucocytes.  The 
enormous  multiplication of  these  duct-like  structures  is  shown  in 
the figures  (Figs. 8  and  I0). 
A  quantity of chloroform which alone has caused only fatty de- 
generation has  in  association with  a  single  large  dose  of BaciIlus 
coil produced advanced hepatic cirrhosis within a  period of twenty- 
three  days.  A  noteworthy  feature  of  the  lesion  reproduced  in 
subsequent experiments with Bacillus coli is the active proliferation 
and  hypertrophy of bile  ducts  newly formed in  situations  far  re- 
moved  from  the  bile  ducts  of  the  portal  spaces.  Cirrhosis  and 
multiplication  of  bile  ducts  is  far  more  advanced  at  the  end  of 
twenty three days than in those experiments in which larger doses 
of chloroform unaccompanied by bacterial infection have been con- 
tinued during two or three months. 
In  the  following experiments,  administration of  chloroform  in 
relatively small amounts has been accompanied by bacterial  inocu- 
lation. 
A dog  (Chlor. xxi)  weighing 755o grin. has received I5.2 c.c. of chloroform 
(2  c.c. per  kilogram of  body weight) and  on  the  following day 0.5  c.c. of a 
24-hour bouillon culture of  Bacillus  coll.  It  has  subsequently received twelve 
doses of 7.1  c.c. of  chloroform, the  total amount of  chloroform administered 
being IO4.5 c.c., and two  injections of Bacillus  coli (o.o4 and o.3  c.c.).  There 
has  been jaundice.  Death has  occurred at  the  end  of thirty days. The  liver 
is pale yellowish  brown and weighs 26o grin. (1/29 of original body weight). 
In sections for microscopical examination, the central part impli- 
cating approximately one-third of each lobule is  replaced by loose 
cellular  connective  tissue  containing  many  mononuclear  cells. 
XYhere well-preserved columns of liver cells  are in contact with this 
cellular  tissue  there  are  conspicuous  tubules  composed  of  cubical 
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larger,  have  the  characters  of  the  bile  ducts  in  the  portal  spaces 
but are separated  from them by a  wide zone of hepatic parenchyma. 
It  is  not  improbable  that  this  animal  received its  first  injection  of 
bacteria at a  time when the  liver was  little injured,  and  subsequent 
small  quantities  of bacteria have had  little effect upon  the partially 
immunized animal. 
In another experiment, a  dog has received an immunizing dose of 
Bacillus coli and has subsequently received chloroform together with 
small  quantities  of Bacillus coli injected into the  jugular  vein. 
A  dog  (Chlor.  xxiv)  weighing 375o grin.  has  received o.6 c.c. of a  24-hour 
bouillon culture of Bacillus coll.  Sixteen days later, doses of chloroform (5 c.c.) 
have been given on three successive days;  on the following  day, the animal  has 
received a very small quantity  of Bacillus coli (o.oI c.c. of a bouillon culture). 
Later,  chloroform  has, been  administered  interruptedly;  in  all  72.25 c.c. of 
chloroform have  been given  in  I7  doses of  I  or o.5  c.c. per kilogram  of body 
weight  during 43 days.  Following  the second injection  of bacteria,  small quan- 
tities  of Bacillus  coli (o.o2, o.o2, o.i,  o.05, o.i,  o.I  and 0.2, o.25 respectively  at 
intervals  of  from three to ten  days)  have  been  injected  into  the jugular  vein. 
Death,  preceded  by jaundice,  has  occurred  43  days  after the  first  administra- 
tion  of chloroform.  The liver  is pale  reddish  yellow and  relatively  large  (245 
grm. ~  1/24 of original  body weight). 
The parenchyma of the liver has  undergone  advanced  degenera- 
tive change  so that  only a  few cells  in  immediate contact  with  the 
portal spaces exhibit the usual staining characters of liver cells ; even 
here the cells are finely vacuolated, but elsewhere all living cells are 
distended  with  large  vacuoles,  indicating  advanced  diffusely  dis- 
tributed  infiltration  with  fat.  Scattered  among  these  fatty  cells 
and more abundant near the central vein are numerous conspicuous 
groups  of  liver  cells  and  remains  of  cells  which  have  undergone 
hyaline necrosis.  Such  cells  have lost  their  nuclei  or  contain  par- 
ticles of structureless nuclear substance.  There is no newly-formed 
connective tissue,  but particularly  in  the  central  part  of  the  lobule 
there is infiltration with small and large mononuclear cells and with 
polynuclear leucocytes.  A  noteworthy  feature of the  organ  is  the 
presence  of  numerous  newly  formed  bile  ducts  which  are  thickly 
scattered  between  the  fatty liver cells  and  occur in  the  absence  of 
new  formation of interstitial  tissue.  In some instances these  ducts 
are  composed  of  cubical  cells  and  have  an  inconspicuous  lumen; 
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about  a  conspicuous  lumen.  Such  newly  formed  bile  ducts  are 
more numerous near the  center than  at the periphery of the lobule 
and  no  relationship  to  bile  ducts  within  the  portal  spaces  can  be 
found. 
In  order  to  determine  if  the  strain  of  colon  bacillus  which  has 
been employed in the foregoing experiment is capable of producing 
hepatic lesions, large quantities have been injected at frequent inter- 
vals into the jugular vein of two animals. 
A  dog  (B.  C.  5)  weighing  7,800 grin.  has  repeatedly  received  intravenously 
injections  of Bacillus coli grown 24 hours in  bouillon  as  follows:  ISt day,  0.2 
c.c.; 5th, o.I; 8th, o.I; I2th, o.I; ISth  , 0.25; 2oth, 0.5;  24th, 0.25; 28th, 0.25; 3Ist, 
0.5;  35th, 0.5;  4Ist,  0.5; 45th, 0.5;  48th, 0.5;  5oth, 0.5;  54th, 0.5;  6Ist,  o.5.  The 
animal has lost weight, weighing  5500 grin. on the 65th day of the experiment; 
on this  day it has been killed.  The liver is  large,  weighing  420 grin.  (1/19 of 
original  body  weight),  smooth  and  pale  reddish  brown  in  color.  The  gall 
bladder is small and its wall is thicker  than usual;  it contains clear yellow viscid 
bile  in  which  are  soft solid  particles. 
The hepatic cells are diffusely infiltrated with fat but there are no 
other noteworthy changes  in the liver. 
A  dog  (B.  C. 7)  weighing  lO,95o grin.  has  received  intravascular  injections 
of  bouillon  cultures  of Bacillus coli as  follows:  ISt  day,  o.06 c.c.;  ISth,  0.2; 
I9th, o.i; 26th, o.I; 29th, 0.25; 34th, 0.5;  38th, 0.5;  42d, 0.5;  45th, 0.5;  49th, o.5; 
55th, 0.5;  ,59th, 0.5;  62d, 0.5;  64th, o.5;  68th, 0.5;  75th, 0.5.  The  animal  has 
become thin  and  somewhat  weak, weighing  8,500 grin.  on  the 79th day of the 
experiment; on this  day it has been killed.  The liver, weighing 394 grin.  (1/28 
of original body weight), is smooth, soft, brownish red and appears to be normal. 
The liver shows infiltration with fat but is otherwise normal. 
Further  evidence that  the  repair  of hepatic  necrosis  may be  re- 
tarded by bacterial  infection has  been obtained  by the  employment 
of streptococcus.  The microSrganism  employed has been obtained 
from  the  heart's  blood  and  liver  of  a  man  dying  with  vegetative 
endocarditis of the aortic valve, associated with atrophic cirrhosis of 
the  liver.  It  forms  long  chains  and  in  bouillon  tends  to  grow  in 
small  clumps  which leave the medium  clear. 
In the following experiment two animals  of approximately equal 
weight have received like quantities  of chloroform administered  in 
the same  way to each animal.  One of them has  received repeated 
intravascular  injections  of Streptococcus  pyogenes;  a  third  animal 
has received Streptococcus pyogenes in the same quantity and at the 
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A  (tog  (Chlor.  xxxii)  weighing  8,350  grm.  has  received  on  three  successive 
days 4  c.c.  of  chloroform  (o.5  c.c.  per kilogram  of  body  weight) ;  o11  the  fourth 
day  it  had  lost 450  grm.  of  body  weight.  It  has  received the  same  quantity  of 
chloroform  on  the 7th, 8th,  Izth,  I7th  and  18th  da.y of  the  experiment,  the  total 
quantity  administe~'ed  being 32  c.c.  Following the  last  dose of  chloroform  there 
has  been  jaundice  which  later  has  disappeared.  The  anhnal  has  been  killed  on 
the 28th  day.  There  is  a  small  amount  of  fluid  (5  c.e.)  in  the peritoneal  cavity 
and  some cedema  of  the pancreas.  The  liver weighs 3Io grin.  (1/27  of  original 
body  weight)  and  is  reddish  yellow  in  color.  No  bacteria  grew  from  liver 
or  bile. 
A  dog  (Chlor. xxxi)  weighing 8,250 grin.  has  received chloroform in quantity 
and  at  intervals  corresponding  with  those  just  described.  Eight  days  before 
administration  of  chloroform,  o.o8 c.c.  of  a  24-hour  bouillon  culture  of Bacillus 
coli  had  been  injected  into  the  jugular  vein.  Immediately  after  th.e  first  dose 
of  chloroform,  o.o25  e.e.  of  a  similar  culture  has  been  injected  intravenously. 
On  the 4th  day  after  first  administration  of  chloroform  the  animal  has  lost  2oo 
grm.  of  body weight.  There  have  been  subsequent  injections  of  streptococci  on 
the  following days  (dating  from  first  administration  of  chloroform):  7th,  o.o5 
e.c.;  I3th, o.z c.c.;  Igth, 0.2  c.c.;  2Ist, o.3 c.c.;  24th,  o.3  e.c.  The  animal has  died 
on  the  ~Sth  day.  There  is  advanced  suppurative  periearditis,  the  pericardial 
cavity being distended with 50o  c.c.  of  sero-purulent  fluid.  The  liver weighs  _o38 
grm.  (I/2~5  of  original  body weight)  and  is  deep  red.  Culture  media  inoculated 
from the  liver and ]~ile remain  sterile. 
A  dog  (Chlor.  St.  xxxiii)  weighing  m,55o  grm.  has  received streptococci  in 
quantities  corresponding  with  those administered  on  the  Ist,  7th,  I3th ,  19th,  21st 
and  24th  days  to  the  foregoing  animal.  On  the  28th  day  the  animal  has  been 
killed.  The  liver  weighing  41o  grin.  (I/27  of  the  original  body  weight)  is 
normal  in  appearance.  Culture  media  inoculated  from  liver  and  bile  remain 
sterile. 
In  the  animal  which  received  chloroform  alone  (Chlor.  xxxii) 
the liver cells exhibit advanced diffusely distributed  fatty degenera- 
tion  (Fig.  22).  Within part of the lobules there is no other change, 
but  in  the  center  of  others  about  the  central  vein  is  loose  meshed 
connective  tissue,  containing  widely  dilated  capillaries  and  a  small 
number  of  large  and  small  mononuclear  cells.  In  the  margin  of 
this  tissue  in  many  places  occur  newly  formed  bile  ducts. 
In the  animal  which  received  both chloroform  and  streptococcus 
(Chlor.  xxxi)  changes  in the liver are  considerably  more extensive 
(Fig.  It).  About  each  central  vein  is  an  area  implicating  about 
one-third  of  the  space  from  central  vein  to  portal  space  in  which 
liver cells are replaced by a  loose vascular tissue containing  numer- 
ous  mononuclear  cells.  In  immediate  contact  with  the  vein  these 
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they  are  larger  and  contain  abundant  pigment.  Newly  formed 
bile ducts in moderate number occur within and at the margin of the 
tissue.  The  liver  cells  which  are  well  preserved  and  exhibit  little 
infiltration  with  fat  are  often  arranged  in  tubular  columns  with 
nuclei near either margin of the columns. 
In the animal  (Chlor.  xxxiii)  which  for control received repeated 
intravascular  injections  of  streptococcus,  the  liver  cells  exhibit  in- 
filtration with  fat in moderate quantity.  There is no destruction  of 
parenchyma  or  other  noteworthy  alteration.  In  other  animals 
(Chlor.  xxviii  and  xxxvii)  which  have  been  repeatedly  inoculated 
with  the  same  strain  of  Streptococcus  pyogenes,  no  noteworthy 
hepatic lesion has been produced. 
In the  following  experiment,  two  animals  have received  a  single 
large dose of chloroform; one has been allowed to  recover whereas 
the  other  has  received  repeated  intravenous  injections  of  Strepto- 
cocc~ts pyogenes. 
A  dog  (Chlor.  xxxix)  weighing  4,85o grm. has  received  by mouth  15  c.c. of 
chloroform.  On the following day it has appeared  sick but has quickly recovered, 
losing  at the end  of two days  Ioo grin.  of body weight.  On the  I5th day of the 
experiment the  animal  has been  killed.  The  liver  is  not  enlarged;  its  surface 
is  smooth  and its  color  and texture are those  of the normal organ. 
A  dog  (Chlor.  xxxviii)  weighing  6,ooo grin.  has  received  by mouth  I5  c.c. 
of chloroform; almost immediately  0.5 c.c. of a bouillon  culture  of gtreptococcus 
pyogenes has  been  injected  into  the  jugular  vein.  During  the  next  two  days 
the  animal  has been  very sick  and  has  lost  45o grm.  of  body weight.  On  the 
4th,  6th,  8th  and  I2th day of the  experiment it has  received  o.25 c.c. of  a  24- 
hour bouillon  culture  of streptococcus;  it  has  died  on  the  I5th  day.  The  liver 
is  much  enlarged  with homogeneous  deep red  color  and  turgid  appearance.  In 
pIaces upon  the surface is a thin  l~'er of fibrin.  Lobulation  is not  definable on 
the  deep  red  surface. 
The  liver of  the  animal  (Chlor.  xxxix)  which  has  received  two 
weeks  before  its  death  a  single  large  dose  of  chloroform  exhibits 
little  change  (Fig.  I4).  The  liver  cells  contain  fine  droplets  of 
fat  but  are  otherwise  normal;  there  is  no  increase  of  interstitial 
tissue. 
In the liver of the animal  (Chlor. xxxviii)  which has received the 
same  quantity  of  chloroform  followed  by  repeated  intravascular 
inoculation with streptococci  (Fig.  I3) , a  conspicuous mass of loose 
meshed connective tissue replaces the hepatic parenchyma about each 
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maps  out  islands  of  parenchyma,  each  with  a  portal  space  in  its 
center.  The new interstitial tissue is rich in cells and contains abun- 
dant blood, some of which has apparently escaped from the vessels.. 
The tissue  contains many cells resembling fibroblasts but new  for- 
mation  of  intercellular  substance  is  not  evident.  In  immediate 
contact  with  portal  spaces  and  in  the  adjacent  parenchyma  are 
widely dilated blood vessels at times collected into groups  resembl- 
ing angiomata.  Such dilated vessels, which are apparently prefixist- 
ing  capillaries  which  have  undergone  immense  dilatation,  do  not 
occur  in  the  central  part  of  the  lobule.  It  is  possible  that  this 
localized dilatation of capillaries  is  referable to  an  increased pres- 
sure in the domain of the hepatic artery, dilating the capillaries at 
the junction of arterial with portal vascular systems, but direct evi- 
dence in  favor of this suggestion has not been obtained. 
The experiment shows  that  infection with  streptococcus retards 
the regeneration of hepatic parenchyma after destruction caused by 
chloroform. 
The experiments in which chloroform has been administered inter- 
ruptedly  during  a  considerable  period  show  that  chloroform  is 
capable of causing cirrhosis so advanced that the portal  circulation 
is  obstructed.  Dilatation  of  superficial  abdomen  veins  is  recog- 
nizable  during  life;  venous  engorgement  in  the  portal  domain, 
cedema of the pancreas and moderate accumulation of ascitic fluid 
have accompanied the hepatic lesion.  The  relation  of necrosis  of 
the  liver  to  new  growth  of  interstitial  tissue  is  obvious  in  these 
experiments  for  both  occur primarily  in  contact  with  the  central 
vein  of  the  lobule.  Proliferation  of  bile  ducts  occurs  and  newly 
formed tubules  may  appear  near  the  center  of  the  lobule,  often 
separated  from the  ducts  of the  portal  space by a  broad  zone  of 
relatively normal parenchyma. 
Bacterial  infection  in  association  with  intoxication  by  hepatic 
poisons  such  as  chloroform and  phosphorus  have  reproduced  the 
peculiar  mid-zonal  necrosis  of  the  liver  which  in  man  is  almost 
invariably  found  in  association  with  acute  bacterial  infection. 
Neither chloroform nor phosphorus  alone produces this  lesion but 
either when associated with the bacteria which have been employed 
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The  same  combination of bacteria  and  poison,  doubtless  acting 
with greater intensity, reproduces a  lesion which closely resembles 
acute yellow atrophy in man.  There is necrosis and hemorrhage; 
accumulation of wandering cells and formation of connective tissue 
replacing parenchymatous elements quickly follows.  The regener- 
ative changes both of parenchyma and of interstitial tissue observ- 
able in man occur in the experimental lesion.  New  formation of 
bile  ducts  is  a  conspicuous  feature of  these  regenerative changes. 
The  experiments have  shown that  bacteria  in  association  with 
toxic substances such as chloroform and phosphorus having a special 
affinity for the liver may produce changes which neither the poison 
nor the bacteria can cause when acting alone.  The possibility that 
disturbances of metabolism in man may produce changes in the liver 
similar to those caused by such poisons is well illustrated by the tox- 
emia of pregnancy in which persistent vomiting is associated with 
central necrosis of the hepatic lobule similar to that caused by chloro- 
form.  The experiments show that the activity of an hepatic poison 
may be  so intensified by bacterial infection that  a  quantity of the 
poison which alone produces little change may, in combination with 
the  bacteria  (Bacillus  coli  and Streptococcus  pyogenes  have  been 
employed), cause  destruction of  almost  the  entire  hepatic  paren- 
chyma.  Bacteria,  e.  g.,  colon  bacillus,  which  have  little  patho- 
genicity for the normal animal, are virulent  for the animal whose 
liver has been injured by chloroform or phosphorus.  It is probable 
that  those  instances  of  acute  yellow  atrophy  which  accompany 
infection with  Streptococcus  pyogenes  are  dependent  upon  some 
disturbance of metabolism or other form of intoxication which has 
rendered the liver unusually susceptible. 
The  experiments furthermore show that  bacterial  infection can 
influence and  even determine the development of cirrhosis  of the 
liver.  Degenerative changes  which  usually undergo rapid  repair 
may  cause  sclerosis  when  combined  with  bacterial  infection. 
Whereas cirrhosis may be  caused by chloroform without bacterial 
inoculation,  introduction  of  bacteria  hastens  the  progress  of  the 
chronic change.  The poison in large quantity rapidly causes death, 
but  a  much smaller quantity in  association with  a  relatively non- 
pathogenic micro6rganism produces a  lesion  with  which recovery 38~;  Combi>tcd  Inh)ricalion  and  Bacterial  Infection. 
is possible.  Such insults repeated at intervals produce the chronic 
changes  of  cirrhosis.  By  administration  of  chloroform,  accom- 
panied  bv  intravenous  inoculation with  Bacillus  coli,  it  has  been 
possible  to  produce  advanced  hepatic  cirrhosis  accompanied  by 
active new formation of bile ducts within a period of twenty-three 
days. 
EXPLANATION  OF  PLATES. 
PLATE XXXI. 
FIG.  I.  Showing  cirrhosis  of  the  liver  with  new  formation  of  bile  ducts 
caused  by  administration  of  chloroform  during  two  months  (Dog.  Chlor.  i). 
PLATE XXXlI. 
FIG.  2.  Showing mid-zonal necrosis  of the liver in a  rabbit  (Rabbit  Phos.  5) 
which  has  received both phosphorus  and  streptococci. 
FIG.  3.  Showing  the  relatively  normal  liver  of  an  animal  (Rabbit  Phos. 
2)  which  has  received  phosphorus  alone  (in  quantity  corresponding  with  that 
administered  to  Rabbits  Phos.  5  and  6).  For  comparison  with  Figs.  2  and  4. 
PLATE XXXIII. 
FIG.  4.  Showing  fatty  degeneration  and  necrosis  of  the  liver  in  a  rabbit 
(Rabbit  Phos.  6)  which  has  received both  phosphorus  and  strepU cocci. 
FIG.  5-  Showing the  relatively normal  liver of  an  animal  (Rabbit  Phos.  3) 
which has  received phosphorus  alone  (in quantity corresponding with that admin- 
istered  to  Rabbits  Phos.  5  and  6).  For comparison  with  Figs.  2  and  4. 
PLATE XXXIV. 
FIG.  6.  Photograph  of  the  liver  of  a  dog  (Chlor.  xvii),  showing  a  lesion 
resembling  acute  yellow  atroph,y  of  the  liver;  there  is  necrosis  of  parehchyma 
and  beginning  new  formation  of  bile  ducts. 
FIG.  7.  Drawing of the liver from the same animal  (Chlor. xvii)  with higher 
magnification  showing  isolated  bile  ducts  in  the  loose  connective  tissue  which 
has  partially  replaced  the  necrotic parenchyma  in  the  central  part  of  the  lobule. 
There  is  a  narrow  zone  of  intact  parenchyma  in  contact  with  the  portal  spaces. 
In  an  intermediate  zone  there  is  hyaline  necrosis. 
PLATE XXXV. 
FIG.  8.  Photograph  of  the  liver of  a  dog  (Chlor.  xxiii)  which  has  received 
chloroform  plus  Bacillus  coli  injected  intravenously.  There  is  advanced  cir- 
rhosis  with  new  formation  of  bile  ducts  twenty-three  days  after  the  beginning 
of  the  experiment. 
FIG.  9.  Photograph  of  the  liver of  a  dog  (Chlor.  xxii)  which  has  received 
chloroform  alone,  administered  in  quantity  equal  to  that  received by  Dog Chlor. 
xxiii.  There  is  diffuse  fatty  degeneration.  For  comparison  with  Fig.  8. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XII,  PLATE  XXXl. 
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PLATE XXXVI. 
Fie.  m.  Drawing  of  the  liver  (Chlor.  xxiii)  shown  in  Figure  8.  Newly 
formed  fibrous tissue most  abundant about the  central vein of  the  lobule  (see 
center  of  figure)  replaces  and  divides  the  parenchyma.  There  is  enormous 
proliferation of  bile  ducts  and polynuclear leucocytes  are  abundant within the 
larger of  the  new ducts which  occupy  the  central part of  the  lobule. 
PLATE XXXVII. 
FIG. II.  Photograph  showing the  liver of  a  dog  (Chlor.  xxxi)  which  has 
received chloroform and streptococci.  The central part of each lobule is replaced 
by interstitial tissue. 
FIG. I2.  Photograph  showing the  liver of  a  dog  (Chlor.  xxxii), which has 
received  chloroform  in  quantity  equal  to  that  received  by  Dog  Chlor.  xxxi. 
There is diffuse fatty degeneration and some increase of  interstitial tissue.  For 
comparison with Fig. II. 
PnATE XXXVIII. 
FIC. I3.  Photograph showing the liver of a  dog  (Chlor. xxxviii) which has 
received a  single large dose  of  chloroform  followed by intravenous inoculation 
with  streptococci.  Interstitial tissue  replaces  the  parenchyma in the  center  of 
each  lobule; there  is  enormous dilatation of  capillaries about the portal  spaces. 
FIG. 14.  Photograph  showing the  liver of  a  dog  (Chlor. xxxix)  which has 
received  a  single large  dose  of  chloroform  (corresponding with  that  adminis- 
tered  to  Dog.  Chlor  xxxviii).  The  liver  shows  no  noteworthy  change.  For 
comparison with the foregoing figure. 